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ABSTRACT 


A  study  was  made  into  the  possibilities  of  waveguide  window  synthesis  by  com¬ 
puter  solution  of  a  multiple  complex  matrice  equation.  In  general,  waveguide  windows 
can  be  described  in  terms  of  shunt  susceptances,  lengths  of  waveguide  (dielectric  or 
air  loaded),  and  dielectric  interfaces.  The  T21  and  T22  transmission  parameters 
which  form  a  part  of  the  solution  to  such  an  equation  can  be  used  to  minimize  the  re¬ 
flection  coefficient  of  a  window. 

A  100  per  cent  bubble-free  fused  quartz  window  was  fabricated  and  tested  in  the 
ring  resonator.  This  window  became  visibly  red  hot  at  190  kilowatt  cw,  which  is  about 
twice  the  power  level  at  which  failure  occurred  in  several  previously  tested  windows 
made  of  a  poorer  grade  of  quartz.  Another  difference  in  this  test  was  that  the  quartz 
itself  did  not  deform. 

One  single  disc,  zero  degree  cut,  synthetic  sapphire  window  assembly  was 
completed.  It  has  not  yet  been  high  power  tested  but  provision  has  been  made,  by  the 
design  of  a  special  reuseable,  bakeable  vacuum  flange,  to  use  it  as  one  half  of  a 
windowtron.  The  windowtron  is  to  be  composed  of  the  sapphire  window,  any  other 
bakeable  window  assembly  and  a  5  liter  Vaclon®  pump.  The  first  window  scheduled 
for  testing  in  the  windowtron  was  completed  this  quarter.  It  is  composed  of  two  AL300 
discs  and  can  be  cooled  with  either  a  gaseous  or  liquid  dielectric. 

The  broadbanding  of  half-wavelength  block  windows  was  examined  and  a  complete 
example  of  the  process  for  a  beryllium  oxide  window  is  demonstrated.  Techniques  for 
mode  shifting  and  impedance  matching  are  discussed.  One  sample  of  a  BeO  block 
window  was  tested,  without  failure,  to  222  kilowatts  cw  in  the  ring  resonator. 

Several  half-wavelength  block  windows  fabricated  using  AL300,  AL399  and 
AL995  ceramics  were  tested  to  failure  in  the  ring  resonator.  The  failure  in  all  cases 
is  a  vertical  crack  across  the  center  of  the  face  of  the  block  and  perpindicular  to  the 
broadwall.  The  power  level  at  which  these  failures  occurred  was  approximately  100 
kilowatts. 
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SECTION  I 


OBJECTIVES  OF  PROGRAM 


1-1.  INTRODUCTION 

This  report  is  the  third  of  four  quarterly  technical  notes  and  one  final 
technical  report  to  be  prepared  for  Rome  Air  Development  Center,  Griffiss  Air  Force 
Base,  New  York.  Varian  Associates  of  Palo  Alto,  California,  is  conducting  this 
study  for  the  United  States  Air  Force  under  Contract  Number  AF  30(602)-2844.  This 
contract,  awarded  6  July  1962  in  accordance  with  RADC  Exhibit  "A,  "  dated  29  December 
1961,  is  entitled  "High  Power  R-F  Window  Study.  " 

1-2.  OBJECTIVES 

A.  Primary 

The  objectives  of  the  High  Power  R-F  Window  Study  are  to  conduct  theore¬ 
tical  and  experimental  investigations  of  methods  for  improving  the  average  power 
handling  capabilities  of  high  average  power  microwave  tube  windows.  The  final  ob¬ 
jective  is  to  design  and  test  an  X-band  window  with  25  per  cent  bandwidth  up  to  at 
least  250  kilowatts  of  c-w  power. 

In  the  pursuit  of  the  final  objective  various  phenomena  believed  to  be  re¬ 
sponsible  for  window  failure  in  the  field  and  under  operating  conditions  will  be  investi¬ 
gated.  These  include  effects  of  multipactor,  stray  magnetic  fields,  variations  of  gas 
pressure  and  the  relative  merits  of  various  gaseous  or  liquid  dielectrics  used  for 
cooling  of  double  disc  windows. 

An  investigation  of  various  solid  dielectrics,  with  respect  to  their  adapta¬ 
bility  and  desirability  for  use  in  configurations  best  suited  for  high  average  power 
transmission,  will  also  be  made. 

B.  Third  Quarter  Objectives 

Retesting  of  all  previously  successfully  tested  windows,  particularly  the 
beryllium  oxides,  had  been  scheduled  for  this  quarter.  These  windows  were  to  have 
been  connected  by  means  of  a  flange  with  O-ring  to  a  sapphire  window  so  that  the  volume 
between  the  two  windows  could  be  evacuated  and  used  as  a  windowtron.  This  combina¬ 
tion  was  necessarily  unbakeable  because  of  the  O-ring,  and  thus  high  outgassing  was 
experienced  under  high  power. 

This  type  of  windowtron  was  abandoned  early  in  the  quarter  in  favor  of 
building  a  completely  bakeable  assembly,  which  is  now  complete. 


1 


High  power  testing  of  a  series  of  AL300,  AL399  and  AL995  half-wavelength 
block  windows  was  scheduled  and  has  been  completed.  The  object  was  to  compare  these 
results  with  the  results  of  identical  high  power  tests  performed  on  beryllium  oxide 
windows.  Such  windows,  if  able  to  withstand  up  to  250  kilowatts  in  a  nitrogen  pressur¬ 
ized  atmosphere,  were  also  scheduled  to  be  retested  in  the  windowtron.  As  it  turned 
out,  all  of  the  alumina  ceramic  block  windows  fractured  at  or  near  100  kilowatts  cw 
(test  frequency  ^  7750  Me. ). 

Further  development  of  the  double-disc  type  of  window  configuration  was 
also  scheduled  for  later  during  the  third  quarter.  Several  versions  of  this  window  are 
now  ready  for  fabrication  using  AL300  and  AL400  ceramics.  One  full-wavelength,  10 
per  cent  bandwidth  double  disc  window  was  completed  and  is  now  awaiting  windowtron 
tests. 


hive stigati on' into  the  possible  improvement  of  the  resonant  ring  tuning 
mechanisms  was  programmed  for  the  third  quarter.  After  several  new  methods  of 
accomplishing  this  tuning  were  attempted  and  reasons  for  breakdown  examined,  it  was 
concluded  that  a  near  perfect  match  must  be  attained  within  the  circuit  for  optimum 
trouble-free  performance.  Several  modifications  on  the  ring  circuit  have  been  made 
as  a  result. 


Broadbanding  of  both  the  half-wavelength  block  and  thin  disc  windows  was 
scheduled  for  the  third  quarter  and  is  discussed  in  more  detail  in  the  main  body  of  the 
report.  Broadbanding  of  windows  by  analytical  means  with  the  use  of  a  computer  was 
not  originally  scheduled  for  this  period  but  as  a  result  of  much  laboratory  effort,  it 
was  felt  that  an  analytic  approach  would  be  useful.  This  was  pursued  to  some  extent 
and  is  reported  herein. 


SECTION  II 


TECHNICAL  PROGRESS  OF  PROGRAM 


2-1.  GENERAL  DISCUSSION 
A.  Conferences 


On  the  5th  and  6th  of  February,  1963,  Mr.  Dirk  Bussey,  Rome  Air  Develop¬ 
ment  Center's  contract  engineer  visited  Varian  Associates'  laboratories  in  Palo  Alto  to 
appraise  contractual  progress  and  to  attend  the  High  Power  Microwave  Window  Seminar 
for  which  Varian  Associates  acted  as  host.  This  seminar  was  sponsored  jointly  by  the 
Department  of  Defense,  Advanced  Research  Projects  Agency,  and  the  U.  S.  Army 
Electronics  Research  and  Development  Laboratories. 

A  paper  reviewing  the  results  of  the  "High  Power  R-F  Window  Study" 
written  by  Mr.  F.  O.  Johnson  and  Mr.  J.  D.  Miller  was  presented  by  Mr.  Miller  at 
this  seminar. 

B.  Window  Synthesis  by  Computer  Solution 

In  the  design  of  windows  for  particular  applications,  much  thought  is  usually 
given  to  the  configuration  best  suited  to  that  application.  The  deciding  factors  are 
usually  bandwidth  required,  cost  or  ease  of  manufacture,  size  and  proven  power  handling 
capability.  Once  a  type  of  window  has  been  chosen  for  more  detailed  design  work,  it 
becomes  necessary  to  cold  test  in  order  to  minimize  the  reflection  coefficient  across 
the  band  of  frequencies  desired. 

In  some  cases  the  dimensions  of  the  window  can  be  estimated  quite  accurately 
from  previous  experience  with  similar  windows.  However,  in  many  cases  a  consider¬ 
able  number  of  cut-and-try  experiments  must  be  performed  before  a  satisfactory  result 
is  obtained.  What  is  needed,  then,  is  a  model  for  the  window  which  can  be  described 
mathematically.  The  resulting  mathematical  expression  could  be  programmed  for 
computer  solution,  and  by  varying  dimension,  dielectric  constant  and  frequency  depend¬ 
ent  parameters,  many  experimental  windows  could  be  verified  in  a  short  time.  Thus, 
simulating  cold  test  experiments  with  the  computer  would  be  a  powerful  tool  in  window 
circuit  optimization. 

A  desirable  feature  of  a  programmed  solution  is  that  it  could  be  used  for  a 
wide  variety  of  window  configurations.  Two  such  configurations  are  shown  in  Figure  1. 
All  that  is  necessary  is  the  ability  to  define  in  mathematical  terms  the  contribution  of 
each  of  the  components  of  the  window  assembly.  In  most  cases  these  components  will 
be  limited  to  irises,  lengths  of  waveguide  (dielectric  or  air  loaded),  dielectric  inter¬ 
faces  and  transitions  from  one  size  or  form  of  waveguide  to  another. 
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(a)  Half  Wavelength  Block  Window  With 
Cascaded  Broadbanding  Irises 


(b)  Double  Disc  Fluid  Dielectric  Cooled 
Window 


FIGURE  1 

WINDOW  CONFIGURATIONS 
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Scattering  matrices1  are  easily  used  to  define  the  components  and  are  in 
turn  readily  redefined  as  transmission  parameters.2  For  example,  in  the  upper  sketch 
of  Figure  1  there  are  eleven  component  matrices  between  the  indicated  planes  (a)  and 
(E).  In  planes  (a),  (c),  (p,  and(k)  are  shunt  susceptances.  Planes  (e)  and(g)  contain 
interfaces  between  two  dielectrics.  Regions  b,  d,  f,  h,  ana  j  are  transmission  line 
sections  where  f  is  dielectrically  loaded.  The  window  sketched  in  Figure  1(b)  can  be 
handled  similarly,  including  a  matrix  for  the  transitions  between  waveguide  sizes. 

The  definition  and/or  derivation  of  each  of  the  transmission  matrices  is  shown  in  the 
Appendix,  along  with  the  final  result  which  is 


where 


T 


(1) 


(2) 


The  composite  window  can  be  represented  as  shown  in  Figure  2.  It  is 
demonstrated  in  the  Appendix  that 


11  ai  +  T12  bl 

(3) 

21  ai  +  T22  bl 

(4) 

where 

a^  is  the  incident  wave  at  the  input 
b^  is  the  reflected  wave  at  the  input 
a  is  the  incident  wave  at  the  output 
b2  is  the  reflected  wave  at  the  output 

If  the  window  network  is  terminated  in  a  reflectionless  load,  a2  will  be 
zero.  Therefore,  from  Equation  4 


21 


22 


=  P 


or 


P  = 


‘21 


T, 


22 
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FIGURE  2 

FOUR  TERMINAL  NETWORK  REPRESENTATION 
OF  A  WAVEGUIDE  WINDOW 


FIGURE  3 

SYMONS -TYPE  THIN  DISC  WINDOW 
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or 


VSWR  = 


T 

1  + 

21 

T 

22 

T 

21 

1  - 

T 

22 

(5) 


Equation  5  represents  the  desired  information  from  the  solution  so  that  it 
can  be  plotted  versus  one  of  the  other  variables,  such  as  frequency. 

During  the  last  portion  of  this  reporting  period,  Equation  1  was  programmed 
in  the  Fortran  II  language.  The  window  selected  for  initial  computer  solution  is  shown 
in  Figure  3.  It  is  a  simpler  version  of  the  one  shown  in  Figure  1(b). 

In  order  to  define  matrices  a  and  k,  which  come  about  as  a  result  of  abrupt 
transition  from  rectangular  to  cylindrical  waveguide,  open  circuit,  short  circuit  and 
terminated  impedances  were  measured1  for  the  frequency  band  of  7.  0  to  10.  0  kMc  at 
0.  2  kMc  intervals.  In  this  way  z-p  z2,  Zg  are  defined  as  the  terminated,  short  circuit 
and  open  circuit  impedances,  respectively,  all  normalized  to  the  characteristic  imped¬ 
ance  of  the  input  waveguide.  Figure  4  shows  a  cross-sectional  view  of  the  test  setup 
used  to  measure  these  impedances. 

Since  this  is  an  abrupt  transition,  fringing  fields  probably  set  up  several 
evanescent  modes  which  could  abrogate  any  measurements  made  of  the  transition  im¬ 
pedances.  Therefore,  in  an  effort  to  reduce  the  effect  of  these  modes,  a  reference 
plane  was  chosen  at  plane  A  of  Figure  4  which  is  far  enough  away  from  the  transition. 

Several  debugging  runs  were  required  for  the  program.  This  is  not  unusual 
considering  that  the  matrices  are  all  written  in  complex  numbers.  As  a  check  on  the 
final  debugging  run,  one  case  was  hand  calculated.  Complete  correlation  was  achieved 
by  this  method. 

Before  the  writing  of  this  report,  time  permitted  computation  of  only  one 
complete  set  of  results  for  the  window  of  Figure  3  and  for  one  set  of  parameters.  The 
results  were  conclusive  enough  to  show  that  an  error  exists  either  in  the  measurement 
of  the  abrupt  transition  impedances  or  in  the  mathematical  model. 

It  is  anticipated  that  during  the  next  quarter  work  will  be  continued  to  im¬ 
prove  the  definition  of  the  model  and  the  result  will  be  an  additional  powerful  tool  for 
use  by  window  designers. 
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FIGURE  4 

CROSS  SECTION  OF  TEST  JIGS  USED  TO  MEASURE 
TRANSITION  PARAMETERS  iy  z ^  AND  z ? 
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2-2.  WINDOW  CONSTRUCTION  AND  HIGH  POWER  TESTING 


A.  Single  Thin  Disc  Fused  Quartz  Windows 

Considerable  effort  directed  toward  high  power  testing  of  single  thin  disc 
fused  quartz  windows  has  shown,  as  reported  in  Quarterly  Technical  Note  No.  2,  that 
this  material  gets  extremely  hot  when  subjected  to  multi-kilowatt  power  levels.3  In 
fact,  all  commercial  grade  fused  quartz  windows  tested  prior  to  the  third  quarter 
failed  quite  conclusively. 

In  an  effort  to  determine  whether  there  is  any  variation  in  materials  between 
manufacturers,  and  if  minute  bubbles,  contained  in  all  but  the  most  perfect  quartz  speci¬ 
mens,  are  a  cause  of  these  failures,  several  samples  of  grade  A  optical  fused  quartz 
were  obtained  from  the  Amersil  Company.  The  trade  name  of  this  100  per  cent  bubble- 
free  material  is  Homosil. 

The  vehicle  for  testing  these  samples  is  the  Symons-type  pillbox  window 
exactly  as  sketched  in  Figure  2  of  Quarterly  Technical  Note  No.  2.  This  window  using 
"Homosil"  performed  somewhat  better  than  the  previously  tested,  mechanically  identical 
models.  At  a  power  level  of  163  kilowatts  cw,  the  nitrogen  atmosphere  of  the  resonant 
ring  again  ionized.  An  increase  in  pressure  eliminated  that  problem.  At  190  kilowatts 
cw  a  portion  of  the  quartz  discs  face  began  to  glow  with  an  orange  color.  This  color 
has  been  characteristic  of  the  quartz  as  it  begins  to  melt.  Further  increase  in  power 
to  210  kilowatts  caused  only  a  slight  brightening  of  the  glow.  Repeated  backing  off  and 
increasing  the  power  over  the  175  to  210-kilowatt  range  verified  the  190  kilowatt  level 
as  being  the  apparent  softening  point  of  that  sample. 

After  this  test  the  sample  was  examined  under  ordinary  and  polarized  light 
but  no  melted  areas  or  strains  were  seen.  It  is  felt  that  because  there  was  no  pressure 
differential  in  the  axial  direction  of  the  window,  no  deformation  of  the  quartz  occurred. 
Perhaps  the  better  grade  of  quartz  is  responsible  for  this  superior  performance  as 
compared  to  previous  samples.  On  the  other  hand,  fused  quartz  does  not  appear  to 
offer  much  help  in  high  power  window  applications  because  it  gets  so  extremely  hot. 

Figure  5  illustrates  the  power  dissipated  as  a  function  of  power  transmitted 
for  the  window  discussed  above. 

B.  Single  Thin  Disc  Sapphire  Windows 

Both  samples  of  zero  degree  cut  synthetic  sapphire  shown  in  Figures  12 
and  13  of  Quarterly  Technical  Note  No.  2  have  been  brazed  into  window  housings.  The 
final  assembly  (see  photograph  of  Figure  6  and  VSWR  characteristics  of  Figure  7)  of 
one  of  them  is  completed  and  is  vacuum  tight. 
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FIGURE  6 

SINGLE  DISC  SAPPHIRE  WINDOW  ASSEMBLY 
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FIGURE  7 

SINGLE  DISC  SAPPHIRE  WINDOW  CHARACTERISTICS 
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Unfortunately  the  bonding  braze  on  the  second  disc  did  not  hold  and  succes¬ 
sive  attempts  to  rebraze  it  failed.  The  only  alternative  at  this  point  is  to  regrind  the 
edges  and  redo  the  metallization  and  brazing  operations.  It  had  been  hoped  that  a  com¬ 
parison  between  sapphire  windows  with  the  boule  seed  at  the  center  and  off-center  of 
the  discs  could  be  made.  If  the  second  disc,  whose  boule  seed  is  at  the  center,  is  sal- 
vagable,  then  the  comparison  will  still  be  made. 

The  assembly  of  Figure  6  is  completely  bakeable  and  is  intended  for  use  as 
part  of  a  windowtron  which  will  be  discussed  later. 

C..  Double  Thin  Disc  Windows 


During  the  last  reporting  period,  two  double  thin  disc  windows  were  com¬ 
pleted  and  tested.  Because  the  power  transmitted  by  one  of  them  was  an  acceptable  180 
kilowatts,  fabrication  of  more  assemblies  was  temporarily  halted  in  favor  of  completing 
some  of  the  work  on  other  types  of  windows.  ^ 

Just  recently  another  version  of  the  double  disc  window  using  AL300  has 
been  completed.  A  photograph  of  it  is  shown  in  Figure  8.  Four  tubing  attachments  can 
be  seen  and  it  should  be  pointed  out  that  two  of  them  cool  the  outside  jacket  with  water 
while  the  center  two  allow  cooling  by  gaseous  or  liquid  dielectrics. 

This  window  does  not  have  the  bandwidth  stated  in  the  objectives  of  this 
program,  but  it  does  have  advantages  which  might  make  it  desirable  for  less  broadband 
applications.  Electrically  it  is  approximately  one  full  wavelength  long,  putting  the 
ceramics  closer  to  an  electric  field  minimum  as  well  as  moving  them  away  from  the 
rectangular  to  cylindrical  waveguide  transitions.  The  window  thicknesses  are  also 
each  fully  as  thick  as  need  be  for  a  single  disc  window  of  this  diameter.  These  two 
factors  alone  will  provide  much  in  the  way  of  power  handling  capacity  despite  the  fact 
that  the  bandwidth  is  reduced  to  9.  5  per  cent,  as  shown  in  Figure  9. 

This  assembly  is  also  completely  bakeable  and  is  intended  for  use  as  the 
other  half  of  a  windowtron  in  conjunction  with  the  sapphire  window. 

Several  discs  of  AL400  ceramic  are  in  the  process  of  being  fired  and 
machined  for  use  in  some  thin  double  disc  assemblies  similar  to  those  previously  re¬ 
ported  on.  The  difference  will  be  an  increased  thickness  which  will  improve  mechan¬ 
ical  strength. 

D.  Half-Wavelength  Beryllium  Oxide  Windows 

1.  High  Power  Test 

One  assembly  using  National  Beryllia's  high  density  beryllium  oxide 
body  was  tested  to  222  kilowatts  cw  without  failure.  This  window  was  cut  to  be  one 
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FIGURE  8 

DOUBLE  DISC  AL300  WINDOW  ASSEMBLY 


.6i 


FIGURE  9 

DOUBLE  DISC  AL300  WINDOW  CHARACTERISTICS 
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half-wavelength  long  at  7750  Me  and  was  fabricated  and  tested  to  compare  with  the 
previously  tested  Brush  beryllium  oxide. 

The  power  dissipation  versus  power  transmitted  through  the  window  is 
shown  in  Figure  10.  This  material  appears  to  dissipate  10  to  40  per  cent  less  power 
than  the  beryllias  previously  tested.  Tests  were  discontinued  because  of  breakdown  in 
the  resonant  ring  tuners. 

2.  Broadbanding  of  Beryllium  Oxide  Windows 

The  substantially  high  average  power  handling  capability  of  the  beryllium 
block  window  reported  as  a  result  of  this  window  study  program  has  provided  the  motiva¬ 
tion  to  investigate  the  broadband  possibilities  of  such  a  window  material  and  geometry. 
The  problem  of  broadbanding  the  planar  block  waveguide  window  has  been  extensively 
investigated  by  Staprans  and  Mercer,4  Churchill,5  and  several  others.  It  is  possible  to 
write  an  analytic  set  of  equations,  derived  from  transmission  line  and  filter  theory  con¬ 
siderations,  to  describe  a  window  assembly  in  terms  of  the  ceramic  and  any  other  arbi¬ 
trary  linear,  passive  matching  elements. 

Such  an  approach  in  general  leads  to  a  set  of  transcendental  or  other¬ 
wise  cumbersome  equations  which  often  take  longer  to  solve  analytically  for  a  specific 
design  than  to  obtain  similar  results  by  judicious  use  of  the  Smith  impedance  plot. 5 

The  bandwidth  of  a  beryllium  oxide  block  window  similar  to  those  which 
have  successfully  handled  c-w  power  of  250  kilowatts  can  be  substantially  increased  by 
the  procedure  described  below. 

First,  a  "mode  search"  was  made  for  a  BeO  block  geometry  in  the 
frequency  band  of  interest.  By  inspecting  a  mode  frequency  versus  aspect  ratio  compu¬ 
tation  similar  to  that  shown  in  Figure  20  of  Quarterly  Technical  Note  No.  2,  an  aspect 
ratio  was  chosen  to  give  reasonable  mode  clearance  for  as  high  a  guide  height  (lower 
field  gradient)  as  possible.  For  a  beryllium  oxide  block  with  relative  dielectric  constant 
of  6.  5  and  cut  to  operate  at  7750  Me,  computation  of  the  first  order  even  modes  showed 
that  the  bandwidth  available  was  better  than  13  per  cent  using  an  aspect  ratio  of  1.  9. 
Normal  aspect  ratio  of  WR  112  waveguide  is  2.  26.  The  range  of  frequencies  over  which 
mode  clearance  was  precalculated  was  from  approximately  7.  6  to  8.  6  kMc.  Ordinarily 
the  block  would  be  cut  to  be  Ag/2  at  the  center  of  the  mode  free  band  and  then  broad- 
banded.  For  the  purposes  of  this  program,  though,  7750  Me  was  better  because  that 
is  the  high  power  test  frequency.  The  broadbanding  procedure  is  not  altered  by  this 
deviation.  Since  power  must  enter  and  leave  the  window  in  standard  height  guide,  19  per 
cent  tapers  were  constructed.  The  added  reflection  of  these  nominal  tapers  is  negligible, 
for  they  are  on  the  order  of  one  half-wavelength  long.  In  cases  demanding  even  smaller 
aspect  ratios,  the  taper  reflections  can  be  minimized  by  choosing  the  proper  taper 
length. 6 
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Since  only  the  height  of  the  window  has  been  increased  by  a  single 
taper,  thus  not  altering  the  guide  wavelength,  no  problem  was  encountered  in  deter¬ 
mining  the  impedance  function  arbitrarily  close  to  the  window  face.  This,  of  course, 
is  necessary  in  order  to  determine  the  position  and  magnitude  of  the  shunt  susceptances 
needed'. 


By  terminating  one  end  of  the  window  with  a  flat  load,  the  Smith  plot 
admittance  function  of  the  window  was  determined  in  the  conventional  way  with  slotted 
line.  This  admittance  function  was  then  referenced  to  a  point  approximately  three- 
eighths  of  a  guide  wavelength  from  the  source  window  face  so  that  the  function  closely 
approximates  a  circle  lying  symmetrically  on  either  side  of  the  purely  positive  imagi¬ 
nary  ordinate.  See  curve  A  of  Figure  11. 

The  point  at  which  this  admittance  circle  goes  through  the  origin  of  the 
Smith  plot  is,  of  course,  the  frequency  at  which  the  window  is  resonant,  or  a  half¬ 
wavelength  long. 


Now  it  is  readily  seen  that  a  properly  chosen  lumped  inductive  element 
at  plane  X  would  move  the  greater  part  of  the  admittance  circle  into  a  path  concentric 
with  the  origin  of  the  Smith  plot.  Indeed,  as  a  0.  37  normalized  inductive  susceptance 
was  added  on  plane  "X,  "  the  curve  labeled  as  B  in  Figure  11  was  the  result.  The 
window  with  a  single  pair  of  irises  now  presents  a  constant  VSWR  of  approximately 
1. 45  over  a  wide  frequency  band. 

It  is  now  possible  to  argue  from  the  reciprocity  theorem  that  reversing 
incident  and  terminal  sides  of  the  composite  structure  will  not  change  the  observable 
VSWR.  Since  impedance  points  of  constant  VSWR  may  be  closed  by  moving  toward  the 
load  (on  the  Smith  plot  high  frequency  points  move  faster  than  low  frequency  points  be¬ 
cause  of  smaller  Ag),  it  is  expected  that  the  admittance  circle  points  around  the  origin 
can  be  found  to  cluster  at  some  reasonable  distance  from  the  window.  In  fact  it  is 
intuitively  felt  from  symmetry,  and  empirically  shown  here,  that  the  distance  for 
clustering  is  exactly  the  distance  from  the  window  of  the  first  iris.  Since  a  filter  net¬ 
work  was  anticipated  in  the  beginning,  this  admittance  cluster  would  again  be  expected 
to  fall  on  the  purely  positive  imaginary  susceptance  ordinate.  See  Figure  12. 

A  0,  38  normalized  susceptance  moves  the  admittance  cluster  to  the 
origin  of  the  Smith  plot,  and  broadband  matching  has  been  achieved  as  shown  in  Figure 
13. 


If  minimum  mismatch  is  desired  over  the  widest  mode-free  region  (i.e. , 
between  the  TM^  and  TM21  modes)  a  minor  shifting  of  the  inductive  irises  will  cause 
the  match  to  improve  at  the  high  end  of  the  band  without  degrading  the  center  frequencies 
appreciably.  This  can  be  deduced  from  a  study  of  Figure  11,  curve  B.  With  these 
adjustments,  a  mode-free  bandwidth  of  13  per  cent  could  be  obtained  with  a  maximum 
VSWR  of  1.05. 
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FIGURE  11 

ADMITTANCE  PLOTS  OF  X-BAND  BeO  BLOCK  WINDOW 
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FIGURE  12 

ADMITTANCE  PLOT  OF  BeO  BLOCKWINDOW 
REFERENCED  TO  PLANE  Y  WITH  LOAD  IRIS  IN  PLACE 
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FIGURE  13 

BROADBANDED  BeO  BLOCK  WINDOW  CHARACTERISTICS 
SHOWING  MEASURED  AND  COMPUTED  GHOST  MODE 


The  final  broadband  window  dimensions  are  shown  in  Figure  14. 


Since  matching  irises,  as  large  as  0.2  normalized  susceptance,  have 
been  successfully  used  on  beryllia  windows  carrying  up  to  250  kilowatts  of  c-w  power 
in  the  resonant  ring,  power  testing  of  the  described  broadband  BeO  window  will  not  be 
pursued  at  this  time.  However,  should  time  permit  toward  the  end  of  this  program,  an 
effort  will  be  made  to  perform  such  tests.  As  of  now  it  suffices  to  say  that  the  availa¬ 
bility  of  large  mode-free  bandwidths  for  high  c-w  power  windows  has  been  demonstrated. 

E.  Half-Wavelength  Aluminum  Oxide  Windows 

Several  aluminum  oxide  half-wave  length  block  windows  have  been  tested  in 
the  resonant  ring  during  this  past  quarter  and  all  have  failed  from  what  appears  to  be 
thermal  heating.  Photographs  of  these  failures  are  shown  in  Figures  15  and  16.  The 
cracks  consistently  appear  near  the  center  of  the  block  much  as  would  be  expected  con¬ 
sidering  that  this  is  in  the  highest  power  density  region. 

The  particular  windows  tested  were  made  from  AL300,  AL995,  andAL399, 
as  indicated.  For  those  readers  not  familiar  with  AL399,  it  is  a  99.  0  per  cent  pure 
AL203  body  with  a  loss  tangent  of  0.  00021  (100°  C  -  8.  5  kMc)  and  a  dielectric  constant 
of  9.  61  (25°  C  -  8.  5  kMc).  It  is  a  material  with  only  slightly  different  properties  and 
only  slightly  less  pure  than  AL995,  which  is  a  fairly  well-documented  product. 

In  the  interest  of  saving  time,  all  of  the  block  samples  were  not  broadbanded 
but  simply  cut  to  be  Ag/2  at  the  test  frequency  of  7750  Me.  In  this  way  it  was  only  neces¬ 
sary  to  use  (in  some  cases)  small  trimming  irises  for  producing  a  perfect  match  at  the 
test  frequency. 

Power  dissipation  curves  are  shown  in  Figures  17  and  18  for  AL300  and 
AL995,  respectively.  The  power  levels  at  which  failure  occurred  in  each  case  are 
indicated,  but  with  some  reservation  as  to  the  exact  point.  Because  of  the  absence  of 
visible  effects  such  as  arcing  when  breakdown  occurs,  and  because  the  tests  were  per¬ 
formed  with  both  faces  of  the  window  pressurized,  the  exact  power  level  at  which  the 
ceramic  cracked  cannot  be  determined.  As  a  result  of  this  lack  of  failure  indicators, 
the  experimental  procedure  was  to  remove  the  test  windows  for  examination  every  time 
power  was  increased  20  or  30  kilowatts.  By  this  method  only  the  range  of  power  levels 
at  which  failure  occurred  can  be  determined. 

One  conclusion  can  be  drawn  from  all  of  the  experiments  and  tests  with 
block  ceramic  windows.  Almninum  oxide  windows  in  WR  112  waveguide  will  generally 
fail  at  or  below  100  kilowatts  cw.  Beryllium  oxide  block  windows  in  identical  configura¬ 
tion  and  waveguide  will  take  more  than  250  kilowatts  cw.  The  upper  limit  of  this  mate¬ 
rial  is  still  now  known  and  will  not  be  known  until  a  much  higher  power  resonant  ring 
is  built. 
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FIGURE  14 

DIMENSIONAL  DRAWING  OF  BeO  BROADBAND  WINDOW 
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FIGURE  15 

THERMAL  FAILURES  OF  TWO  AL955 
HALF -WAVELENGTH  BLOCK  WINDOWS 


(a)  AL300 


(b)  AL399 


FIGURE  16 

THERMAL  FAILURES  OF  HALF -WAVELENGTH 
BLOCK  AL300  AND  AL399  WINDOWS 
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FIGURE  18 

POWER  DISSIPATION  IN  AL995  HALF-WAVELENGTH 
BLOCK  WINDOWS 
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F,  Windowtron  Resonant  Ring  Testing 


As  indicated  in  previous  sections  of  this  report,  high  power  testing  with 
pressurized  gases  on  both  sides  of  the  window  has  not  been  entirely  satisfactory  even 
though  much  information  has  been  gleaned  from  the  numerous  tests  performed.  One 
disadvantage  is  that  it  does  not  permit  simulation  of  actual  tube  operation  conditions, 
i.  e. ,  a  vacuum  on  the  power  input  side  of  the  window.  Neither  can  a  study  of  multi- 
pactor  be  made  without  a  vacuum.  Therefore,  high  power  tests  were  attempted  on  a 
windowtron  composed  of  a  sapphire  window  and  a  beryllium  oxide  window.  Both  of 
these  had  been  tested  to  250  kilowatts  cw  independently.  These  two  windows  were 
joined  by  a  flange  and  O-Ring  combination  whereby  a  vacuum  of  10“"  to  10~6  Torr  was 
obtained.  A  one  liter  Vaclon  was  used  to  continuously  pump  the  region  between  the 
windows.  Successive  attempts  at  raising  the  transmitted  power  through  this  device  to 
values  above  20  kilowatts  failed  because  of  continuous  outgassing  of  the  system.  Part 
of  the  trouble  was  also  attributed  to  the  flange  and  O-Ring  combination  which  became 
quite  warm  even  at  these  relatively  low  power  levels. 

These  tests  were  discontinued  and  the  apparatus  discarded  in  favor  of  de¬ 
signing  a  new  and  bakeable  windowtron,  a  part  of  which  could  be  used  for  many  tests. 
Figure  19  is  a  photograph  of  the  new  windowtron  and  its  components.  The  sapphire 
disc  and  double  disc  assemblies  previously  discussed  are  shown  and  are  to  be  attached 
to  one  another  by  means  of  a  vacuum  tight  flange  and  gasket  and  continuously  pumped 
with  a  5  liter  Vaclon  pump. 

This  type  of  flange  is  a  proven  device  used  in  Varian  Associates  evacuated 
S-Band  ring  with  very  good  results.  Losses  in  this  type  of  flange  connection  are  con¬ 
siderably  less  than  in  any  other  flange  tested.  Heating  effects  will  then  be  greatly 
minimized.  The  flange  is  also  bakeable  and  is  reusable  simply  by  inserting  a  new  gasket. 

It  is  expected  that  the  sapphire  window  will  be  used  as  one  half  of*the  window¬ 
tron  for  all  of  the  windowtron  tests.  In  this  way  the  evacuated  power  input  side  of  the 
window  under  test  can  be  viewed  through  the  transparent  sapphire,  and  the  power  output 
side  can  be  viewed  through  the  viewing  port  on  the  other  end.  Both  viewing  ports,  de¬ 
signed  into  the  180°  bends,  are  also  shown  in  Figure  19. 

Because  of  past  difficulties  with  even  small  mismatches  present  in  the 
resonant  ring,  each  individual  component  of  the  ring  has  been  individually  nearly 
perfectly  matched  by  small  inductive  irises.  If  a  near  1.  0  VSWR  has  been  achieved 
it  is  believed  that  tuning  of  the  ring  by  external  hybrid  phase  shifters  will  work  even 
better  than  in  some  of  the  previous  tests.  A  great  deal  of  arcing  has  been  experienced 
in  these  hybrids  during  the  numerous  tests  performed  in  the  past  quarter  simply  be¬ 
cause  of  initial  mismatches  in  test  components.  Thermally  induced  mismatches,  as 
circulating  power  is  increased  to  very  high  levels,  have  also  been  a  problem. 
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FIGURE  19 

COMPONENTS  OF  WINDOWTRON  ASSEMBLY 


SECTION  III 


PROGRAM  FOR  NEXT  QUARTER 


High  power  testing  of  the  new,  bakeable  windowtron  assembly  will  begin  early 
in  the  fourth  quarter.  Both  parts  of  the  first  windowtron  will  also  be  tested  individually 
in  a  nitrogen  pressurized  atmosphere. 

Evaluation  of  the  effects  of  gaseous  dielectric  and  air  cooling  will  be  made  with 
the  double  disc  assembly  described  in  this  report.  The  effectiveness  of  air  cooling 
can  be  determined  because  of  the  double  cooling  system  built  into  this  window. 

The  windowtron  will  be  used  as  a  device  to  measure  and  evaluate  the  effects  on 
power  handling  of  small  variations  in  gas  pressure  in  the  1CT4  to  10-8  Torr  range  de¬ 
pending  on  the  success  achieved  in  controlling  these  pressures  at  a  predetermined 
level.  Multipactor  in  the  evacuated  region  will  be  studied  to  see  how  dependent  it  is 
on  waveguide  pressure.  The  effects  of  stray  magnetic  fields,  and  the  effect  of  electron 
sources  on  multipactor  will  also  be  examined. 

Continued  effort  will  be  directed  to  the  fabrication  and  testing  of  several  more 
25  per  cent  bandwidth,  fluid  dielectric  cooled  double  disc  windows.  The  metallizing 
of  the  required  ceramics  is  nearly  complete  and  fabrication  of  the  assemblies  will 
begin  during  April.  The  ceramic  materials  now  in  process  for  use  in  these  assemblies 
are  AL300  and  AL400.  Two  1  l/4-inch  diameter  sapphire  discs  are  also  on  hand  for 
use  in  this  type  of  assembly,  but  no  cold  tests  have  been  made  as  yet. 

Depending  on  the  results  of  high  power  windowtron  tests,  the  program  for  the 
fourth  quarter  may  be  altered  in  some  details.  For  example,  the  use  of  secondary 
emission  reducing  coatings  has  not  been  necessary  on  alumina  ceramic  block  windows 
because  of  their  obvious  failure  from  poor  thermal  properties.  Beryllia  blocks  have 
not  failed  due  to  this  cause,  but  may  fail  because  of  multipactor  dischai’ges.  This 
also  applies  to  the  thin  disc  windows.  If  this  type  of  failure  is  experienced,  a  new  look 
at  coatings  will  be  made. 
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APPENDIX 


DERIVATION  OF  A  COMPLEX  SCATTERING  MATRICE  EQUATION 
FOR  WINDOW  SYNTHESIS 


In  Section  II  of  this  report  a  general  solution  for  optimizing  the  reflection  co¬ 
efficient  of  a  window  across  a  band  of  frequencies  was  first  considered  and  then  applied 
to  the  more  specific  Symons-type  thin  disc  window.  A  model  for  a  double  disc  window 
showing  the  component  matrices  appears  in  Figure  A-l.  The  derivation  of  the  scatter¬ 
ing  coefficients  and  transmission  parameters  will  be  pursued  here  for  this  window.  An 
identical  approach  can  be  used  for  any  thickness  of  window,  or  windows  in  either  rec¬ 
tangular  or  circular  configurations  using  any  number  of  matching  components. 

A.  DETERMINATION  OF  MATRICES  [t&]  and  [tR] 


The  scattering  equations 


bl  S11  ai  +  S12  a2 


b2  S12  ai  +  S22  a2 


(la) 


where  a  and  b  are  the  incident  and  reflected  complex  wave  amplitudes,  respectively, 
and  Snm  are  the  scattering  coefficients  as  defined  by  Ginzton1  and  can  be  rearranged 
as  shown  in  Equation  (2a).  By  solving  equations  (la)  for  b2  and  a  2 


/  S11  S22\ 


S22 

+  -  b 

S12  1 


(2a) 


a2  = 


11  4.  _i _  u 

-  aT  + - b 

S12  1  S12  1 
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FIGURE  A-l 

DOUBLE  DISC  WINDOW  MODEL 
SHOWING  MATRIX  DESIGNATIONS 
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The  coefficients  are  now  by  definition2  equal  to  the  transmission  parameters  or 


S11  S22 


12 


(3a) 


Similarly,  by  looking  into  the  right  hand  end  of  the  network  and  getting  and  b^  in 
terms  of  a  and  b 

Ct  & 


(4a) 


The  corresponding  transmission  parameters  for  the  T  matrix  are 


S12 


S11  S22 


12 


(5a) 
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Thus,  it  has  been  shown  that 


(6a) 


Therefore  the  transmission  parameters  for  the  abrupt  transitions  on  either  end 
of  the  window  have  been  defined  in  terms  of  the  scattering  matrices. 


Using  the  traveling  wave  equations 

V  =  a  +  b 

and 

I  =  i  (a-b) 


1  .  z  =  z 

I  o  (a  -  b) 


Z 

Z 

o 


(7a) 


(8a) 


as 


also 


P 


l±£ 

1  -  p 


z 


(9a) 


P 


z  -  1 
z  +  1 


(10a) 
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The  scattering  coefficients  have  been  defined1  in  terms  of  the  reflection 
coefficient,  p. 


11 


(11a) 


22 


2  p  -  p  -  p 
o  sc  oc 

p  -  p 

sc  oc 


(12a) 


As 


S11  S22  "  S12 


p  (p  +  p  \  -  2p  p 

o  |  oc  sc/  sc  oc 


p  -  p 

sc  oc 


(13a) 


where 

p  =  matched  load  terminated  reflection  coefficient 
o 

P0„  =  short  circuited  reflection  coefficient 
P  =  open  circuited  reflection  coefficient 

OC 


These  reflection  coefficients  can  be  derived  by  using  impedances  z-j_,  a2  and  Z3 
as  measured  by  techniques  outlined  in  references  1,  2,  and  7  through  12. 


Po  z  +  1 


=  Z2_1 
sc  z  +  1 

LJ 


(14a) 


Z3"  1 

3  =  TT 

oc  z  +  1 

O 


If  the  short  circuit  plane,  which  is  chosen  so  that  it  does  not  shift  with  frequency, 
is  taken  as  the  reference  plane,  then  z  =  0  or  p  =  -1.  Using  this  condition 

o  SC 


zi~ 1 

zl  +  ! 


z3  (z  1  -  X)  +  2zl 

4  ,zi  * ') 


(15a) 
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(15a) 


S12  S11  S22 


K*1)  -  ai 

Z3  (Z1  +  “) 


Substituting  Equation  (15a)  into  Equation  (5a)  gives 


12 


r  a  1 

Z3  (Z1  +  X) 

Z3  (Z1  + 

T  =  ~ 

1  J  s,„ 

Z„  -  1 

Zl+1 


(16a) 


and 


M  - 

S12 


rz3  (zi + *)  -  2zi 

'ah'1) 


fill 

Zl  +  I 


h-1) 


+  2z, 


h + 1 

Thus  [ Ta]  and  [tk]  are  determined. 


(17a) 


B.  DETERMINATION  OF  MATRICES  FOR  SECTIONS  OF  UNIFORM  TRANSMISSION 
LINES 


The  transmission  matrix  parameters  for  uniform  transmission  line  are  of  the 


form 


e  -  j/3L 
o 


o 

ejjSL 


and  will  be  used  in  matrices  [t*5]  ,  ^Tdj  ,  [t^|  ,  JV3]  ,  and  ['T*] 

1/2 

p  =  [i  -  (fc/f)2] 


(18a) 


e  =  e  e* 
o 

e  =  dielectric  constant  of  free  space 
o 

e1  =  relative  dielectric  constant 


For  the  TE  mode  under  consideration 


fc  = 


.29306 


,  29306 


r  y^  y?" 


(19a) 
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and  the  expression  for  j3  reduces  to 


293063U>y 

whei'e  r  =  radius  of  the  cylindrical  waveguide,  and 

Ao  =  j  ,  c  =  2. 99776  X  1010  cm/sec 

The  magnitude  of  P  can  now  be  calculated  for  each  matrix  when  the  relative 
dielectric  constant  of  the  material  in  that  particular  section  of  transmission  line  is 
known.  The  lengths  L^,  Ld,  Lf,  Lb  and  Lj  can  either  be  preselected  or  can  serve  as 
a  variable  in  the  computer  program. 

C.  DETERMINATION  OF  DIELECTRIC  INTERFACE  MATRICES 

The  tangential  components  of  electric  and  magnetic  field  across  a  dielectric 
boundary  are  continuous  or 


Etl  Et2  811(1  Htl  Ht2 


and 


In  terms  of  the  incident  and  reflected  wave  amplitudes  are 


al  +  bl  =  a2  +  b2 


L  -  b) =  -  z„,  M 


'01  1  *  02 
Because  of  the  conversion  of  sign  conventions  from 


(20a) 

(21a) 


al 


bl 


In  other  words 


V1  =  V2 
*1  =  ~  X2 


a2 


M. 

°  A  0 

[  V2  to 

b2 


(22a) 


39 


Z02 

Defining  R  =  j-  and  rearranging  Equations  (20a)  and  (22a) 


b2  "  al 


/l  +  R\  , 

(~ )+bl  i” 


A  - 


The  transmission  parameters  for  these  two  equations  are 

1  +  R 


T  =  T 
11  22 


T  =  T 
12  21 


2 

1  -  R 


(23a) 


(24a) 


For  an  interface  from  an  air-filled  cylindrical  guide  to  a  dielectric-filled 
cylindrical  guide  carrying  the  TE-q°  mode  where 


Xg  =  Xo 


then 


-  (“)*] 


-1/2 


R1  " 


R1  = 


Zo  air  __  Xg  air 
Zo  diel  Xg  diel 


,i  _  ^.29306Xpy 


-|  1/2 


^■29306X0^ 


This  result  can  be  substituted  into  the  matrix  to 


get  [tC] 


(25a) 


M- 


l+R1  1  -  R  ' 


1  -  Rx  1  +  R 


L  2 


(26a) 
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* 


Similar  derivations  must  be  made  for  each  interface  such  as  shown  at  Te,  T'1 
and  T1  where  the  variables  are  free  space  wavelength,  guide  radius  and  dielectric 
constant  when  using  the  TE^  transmission  mode. 

The  final  complex  matrix  product  for  the  window  of  Figure  A-l  is 

[t]  =[Ti  [Tbi  [Ti  •  •  •  M  [t3] 


M 


(27a) 


%■ 


*■ 
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